maybe more." This statement highlights a challenge that may concern startups such as Roswell even more than the challenge posed by Illumina's dominance. That is, startups are in a race against time. In 5 or 10 years, it may be too late for a new technology to compete. Smith notes that BGI (a Chinese company formerly known as the Beijing Genomics Institute) is perhaps best positioned to compete with Illumina, but this challenger is also up against the clock.
Rade Drmanac, PhD, chief scientific officer and co-founder of Complete Genomics, a BGI company tells GEN that BGI's focus over the next 5-10 years, is to "scale, scale, scale" to "bring this technology to the highest possible level" and to make accurate sequencing affordable. Yongwei Zhang, PhD, the chief operating officer of Complete Genomics, adds that the company plans to build on top of its own genomics platform, the MGI platform, to develop other omics-based technologies.
The core of all MGI sequencing platforms is the DNBseq™ nanoarray technology called DNA Nanoballs, which BGI has been refining since Complete Genomics' acquisition in 2013. Zhang adds without hesitation that the technology will make it possible to sequence a genome for $100 within the next 5-10 years.
Due to academic restrictions, Collins is limited to unique collaborations with companies. He has chosen to ally with Illumina on a project that has continued for six years and is funded by an NIH grant. The purpose of the collaboration, according to the grant abstract, is to "investigate a new, all-electronic sequencing methods that have the potential to become the next transformative step for DNA sequencing."
Collins says that molecular electronics is still very much in a proof-of-concept stage.
Many wrinkles will have to be ironed out before the technology becomes both technologically and commercially competitive. "That's the way all up-and-coming technologies have to get started," he points out. The goal of his collaboration with Illumina is "to investigate whether this molecular electronics scheme really has legs" by "asking questions about accuracy and scaling and whether we can produce 'proof of concepts' that would make Illumina believe that this is going to be the new frontier for sequencing."
Baker tells GEN that this is the best way to approach a new sequencing technology, as there is "a big gulf between what can be demonstrated in a laboratory and what makes a good product." He adds that "it is very frequently underestimated how difficult it is to turn a good idea, even a very clever idea, into a real product." He adds that there are challenges at every step of the way, from manufacturing to commercialization, and that success stems from predicting as many of them as possible.
As one of the first employees at Illumina, Baker notes that the company has demonstrated its talent for taking an academically derived idea and turning it into a product. He cites the example of the original technology that Illumina was built on, the pioneering "beads in well" technology that allowed for the construction of the first microwell arrays. This innovation was developed in the laboratory of David Walt, PhD, who was at Tufts University at the time. (He has since moved to the Wyss Institute,
There is no question in Collins' mind that we will have commercial DNA sequencers that are based on molecular electronics, confirming that Roswell is not the only startup based in molecular electronics. "There is," he insists, "no scientific barrier to doing this."
That said, Collins is less strident on timing, adding that a decade may pass before the UCI technology results in a commercial platform. Given the time frame that other sequencing technologies have taken to move from concept to benchtop-such as nanopore technology, which took roughly 20 years from proof-of-concept to nature-10-15 years does not seem an unrealistic expectation. Collins notes that Illumina, unlike startups, has a long-term focus. "A venture capital startup needs a timeline, and that is tough to have when you are working with a brand-new technology." Stuart Lindsay, PhD, director of the Center for Single Molecule Biophysics in the Biodesign Institute at Arizona State University, was a reviewer of Collins's original paper.
Like Collins, he is confident that the future of DNA sequencing is in molecular electronics. Lindsay goes so far as to suggest that Illumina might have merged with PacBio to acquire technology for electronic sequencing. "PacBio has a lot of both intellectual property and expertise in the area of tethering polymerases," he notes. "So, it's not a wild stretch of the imagination to see how its technology could transfer to a platform that is read out electrically." Both Illumina and PacBio would not comment on the alleged reason for the merger beyond the publicly disclosed press release.
Lindsay, who has had some of his own technology licensed by Roche, would be "very wires. Roswell claims that its system is much more scalable and better suited for mass production. Merriman says that "there is no good way to mass produce high-density carbon-nanotube-based chips."
Merriman doesn't feel a lot of competitive pressure coming from similar technologies, and Mola points out that, based on patents, Roswell is "the pioneer in this field." The company has secured four patents and says that it has roughly 50 more in the pipeline.
By amassing intellectual property, the company is progressing toward its goal of owning molecular electronics for biosensing.
Although Lindsay has a hunch that Illumina has licensed Collins' intellectual property or has an agreement with exclusive rights to it, UCI would not comment, citing that it does not share the names of its licensees, unless licensees agree to be named.
Lindsay guesses that there will be commercial machines in 3-5 years and that the market will be dominated by this technology in 10. "If it works out, it is going to be, by far, the most economical, rapid method of acquiring DNA sequence data," he says, and that "folks who ignore this technology are doing so at their own peril."
The sequencing question for the next generation
The evolving race to drive down the cost of genomic sequencing is definitely one to watch, but for many, the big question isn't about the generation of sequencing data.
Instead, it's about the data's interpretation and use. Smith says that true "disruption" in genomic sequencing won't come from a new sequencing technology. He sees more disruptive potential in ideas for channeling the deluge of sequencing data. Such ideas, he suggests, will change our society as we know it.
Chris Dwan, a genomics consultant who helped establish the IT infrastructure at the New York Genome Center, says that "sequencing is no longer the dominant part of sequencing-based projects and is certainly not the most interesting part of these projects." The more information we get, the more flexible sequencing will have to become. New companies will be charged with making sequencing work underwater, or in space, predicts Dwan, and it will be up to a new generation of inventors to put that technology into applications that are truly innovative. For example, Dwan hears murmurs about sequencing-based technologies that won't bother emitting reads. Instead, detectors might turn an indicator blue to indicate the presence of a particular DNA sequence.
Embeddable sequencing technologies could transform how sequencing is used for health. They could also lead to limitless and almost unimaginable applications in our everyday life.
If it were up to Pearson, whatever comes next would not fall under the "meaningless marketing speak" that constitutes the fossilized term "next-generation sequencing." He suggests that we turn toward using more concrete, descriptive labels such as shortread, long-read, etc.-names that mean something to a listener. Regardless of what we call it, the next disruption will shift our focus from "how we do it" to "what we can we do with it," bringing us squarely into the next generation of sequencing.
Practical Medical Utility of Sequencing
Effective health maintenance with personalized disease prevention and management requires accurate sequencing data at a price that supports adoption in routine medical practice. For instance, targets can be specifically excised and then size-selected, or isolated using affinity-based means, and then sequenced on short-or long-read platforms. To facilitate the use of this increasingly popular technique, Arbor Biosciences recently introduced myNGS Guides, custom libraries of guide RNAs for pairing with Cas enzymes in CRISPRdriven targeted sequencing, according to Jacob Enk, PhD, senior scientist at the company.
"A variety of Cas enzymes are now thoroughly characterized, varying by site recognition requirements, processivity, and cleavage site morphology. This presents a virtually limitless toolkit for highly specific target manipulation," says Enk. "When coupled with just a few, or thousands, of site-specific guide RNAs, highly complex but site-specific effects can be achieved in a simple, single reaction. Continued adoption across biotech will undoubtedly hone these techniques into routine use, adding yet another example to CRISPR-Cas system's portfolio of transformative impacts."
